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COMMUNICATION SYSTEM, COMMUNICATION METHOD AND MOBILE STATION 

CROSS REFERENCE TO RELATED APPLICATION 

This application is based upon and claims the benefit of 
5 priority from the prior Japanese Patent Application No. 

P2002-355799 , filed on December 6, 2002; the entire contents 
of which are incorporated herein by reference. 



10 BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a communication system 
for transmitting multicast data to a plurality of mobile 
stations joining in a multicast group, a communication method 
15 and a mobile station suitably used for the same. 



2 . Description of the Related Art 

Conventionally, a communication system performing 
broadcast communication whereby a base station transmits common 
20 information to all mobile stations in a radio area covered by 
the base station has been known. 

A communication system performing multicast 
communication whereby a base station transmits common 
information to mobile stations joining in (belonging to) a 
25 predetermined multicast group has been known. 

A communication system for transmitting multicast data 
using a hierarchical structure has been known. 

A communication system for collecting reception 
capability values of the mobile stations joining in the same 
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multicast group, and deciding the hierarchical structure of the 
multicast data by focusing on mobile stations having a specific 
reception capability (ability). 

However, in the conventional communication system, when 
5 mobile stations having various reception capabilities are 
joining in the same multicast group, and when the hierarchical 
structure of the multicast data is decided by focusing on the 
mobile stations having a specific reception capability, the 
hierarchical structure of the multicast data must be decided 

10 by focusing on the mobile station having the lowest level of 
reception capability, so that all the mobile stations joining 
in the multicast group can receive the multicast data. 
Therefore, there has been a problem in that the reception 
capabilities of the mobile stations are not utilized 

15 effectively. 

In addition, in the conventional communication system, 
there has been a problem in that even a mobile station not 
possessing a minimum required level of reception capability 
transmits a transmission request for multicast data, generating 

20 an unnecessary control load. 



BRIEF SUMMARY OF THE INVENTION 

In view of the foregoing, it is an object of the present 
25 invention to provide a communication system, a communication 
method and a mobile station, which make it possible to avoid 
a control load from being generated while effectively utilizing 
the reception capabilities of mobile stations. 

A first aspect of the present invention is summarized as 
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a communication system for transmitting multicast data to a 
plurality of mobile stations joining in a multicast group. The 
communication system comprises a category manager configured 
to categorize reception capability values showing reception 
5 capabilities necessary for receiving multicast data in the 
mobile stations; a reception capability collector configured 
to collect the reception capability values of the mobile 
stations; a decider configured to decide a hierarchical 
structure of the multicast data from a plurality of categories 

10 corresponding to the collected reception capability values of 
the mobile stations; and a transmitter configured to transmit 
the multicast data using the decided hierarchical structure. 

A second aspect of the present invention is summarized 
as a communication system for transmitting multicast data to 

15 a plurality of mobile stations joining in a multicast group. 
The communication system comprises a category manager 
configured to categorize reception capability values showing 
reception capabilities necessary for receiving multicast data 
in the mobile stations in association with a type of the 

20 multicast data; a decider configured to decide a hierarchical 
structure of the multicast data from a plurality of the 
categories; and a transmitter configured to transmit the 
multicast data using the decided hierarchical structure . 

In the second aspect, the communication system may 

25 further comprise a reception capability collector configured 
to collect the reception capability values of the mobile 
stations; and a notice information transmitter configured to 
transmit notice information including information regarding 
the category, in accordance with the collected reception 
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capability values of the mobile stations . 

In the second aspect, the category manager may categorize 
the collected reception capability values of the mobile 
stations in association with the type of the multicast data. 
5 In the second aspect, the communication system may 

further comprise a notice information judger configured to 
judge whether or not the notice information should be 
transmitted in accordance with the collected reception 
capability values of the mobile stations and presence 

10 information for each of the mobile stations, and to instruct 
the notice information transmitter to transmit the notice 
information in accordance with the judgment. 

In the first and second aspects, the transmitter may 
transmit the multicast data to the mobile stations in accordance 

15 with a transmission request from the mobile stations. 

In the first and second aspects, the reception capability 
values of the mobile stations may be defined by a processing 
capability, a decoding method, a interleaving length, a number 
of despreaders and a number of decoders . 

20 In the first and second aspects, the hierarchical 

structure may be defined by at least one of a coding rate, a 
number of repeating bits, a number of thinned bits, an 
interleaving length, a number of multiplexed codes, a number 
of information blocks, a modulation method, a coding method and 

25 transmission power. 

A third aspect of the present invention is summarized as 
a communication method for transmitting multicast data to a 
plurality of mobile stations joining in a multicast group. The 
communication method comprising the steps of: (A) categorizing 



5 



reception capability values showing reception capabilities 
necessary for receiving multicast data in the mobile stations; 
(B) collecting the reception capability values of the mobile 
stations; (C) deciding a hierarchical structure of the 
5 multicast data from a plurality of categories corresponding to 
the collected reception capability values of the mobile 
stations; and (D) transmitting the multicast data using the 
decided hierarchical structure. 

A fourth aspect of the present invention is summarized 

10 as a mobile station for receiving multicast data. The mobile 
station comprises a category memory configured to store a 
category to which a reception capability value of the mobile 
station belongs; a receiver configured to receive the multicast 
data transmitted using a hierarchical structure; and a selector 

15 configured to select multicast data corresponding to the 
category stored in the category memory from among the received 
multicast data . 

In the fourth aspect , the category memory may be updated 
in accordance with notice information transmitted from a radio 

20 station. 

In the fourth aspect, the mobile station may further 
comprise a transmission requester configured to transmit a 
transmission request for multicast data to a radio station. 



25 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is a view showing an entire configuration of a 
communication system according to an embodiment of the present 
invention . 
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FIG. 2 is a view to describe categories used in the 
communication system according to the embodiment of the present 
invention . 

FIG. 3 is a functional block diagram of a radio station 
5 in the communication system according to the embodiment of the 
present invention . 

FIG. 4 is a functional block diagram of a mobile station 
in the communication system according to the embodiment of the 
present invention . 
10 FIG. 5 is a sequence diagram showing an operation of the 

communication system according to the embodiment of the present 
invention . 

FIG. 6 is a functional block diagram of a radio station 
in the communication system according to a modified example of 
15 the present invention. 

FIG. 7 is a view to describe notice information in the 
communication system according to the modified example of the 
present invention . 

FIG. 8 is a flowchart showing an operation of the 
20 communication system according to the modified example of the 
present invention . 



DETAILED DESCRIPTION OF THE INVENTION 

25 (Configuration of a communication system according to an 
embodiment of the present invention) 

Description will be made of a configuration of a 
communication system according to an embodiment of the present 
invention with reference to FIGS. 1 to 5. 
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As shown in FIG. 1, the communication system according 
to this embodiment includes a switching apparatus 10 and a radio 
station 20. The radio station 20 is configured with a radio 
network controller (RNC) 25 and a base station 30. 
5 The base station 30 is configured to manage a plurality 

of mobile stations 50a to 50c which are present in a cell 1. 
In addition, the switching apparatus 10 is connected with a 
service provider 2 . 

Note that, although the switching apparatus 10 and the 
10 radio station 20 are separately provided as two independent 
apparatuses in this embodiment, one apparatus equipped with 
these functions may be provided instead. 

The service provider 2 is configured to provide multicast 

data. 

15 As shown in FIG. 1, the switching apparatus 10 is 

configured with a categorizing unit 11 and a presence storing 
unit 12. The switching apparatus 10 is configured to transfer 
the multicast data transmitted from the service provider 2 to 
the radio station 20. 

20 The categorizing unit 11 is configured to categorize the 

reception capability values showing reception capabilities 
necessary for receiving multicast data in the mobile stations. 

For example, as shown in FIG. 2, the categorizing unit 11 
is configured to store a "reception buffer size" , an 

25 "interleaving length" and a "modulation method" in association 
with a "category name" . 

In the example of FIG. 2, a mobile station whose reception 
buffer size is less than 1MB, whose interleaving length is 10ms 
and which employs a modulation method of quadrature phase shift 



8 



keying (QPSK) is capable of receiving multicast data of the 
category 1 . 

Similarly, a mobile station whose reception buffer size 
is 1MB or more and less than 5MB , whose interleaving length is 
5 10ms, 20ms or 40ms and which employs a modulation method of 
quadrature phase shift keying (QPSK) is capable of receiving 
multicast data of the category 2. 

Further, a mobile station whose reception buffer size is 
5MB or more, whose interleaving length is 10ms, 20ms, 40ms or 
10 80ms and which employs a modulation method of QPSK or 16 
quadrature amplitude modulation (QAM) is capable of receiving 
multicast data of the category 3. 

For example, a processing capability, a decoding method, 
a number of despreaders and a number of decoders can define the 
15 reception capability value showing reception capabilities 
necessary for receiving multicast data in the mobile station, 
other than the reception buffer size, the interleaving length 
and the modulation method. 

The categorizing unit 11 may manage the above categories 
20 in accordance with unique parameters, or may manage the 
categories in accordance with semi- static parameters which are 
periodically changed. 

Moreover, the categorizing unit 11 may flexibly change 
the management of the categories in accordance with the 
25 instruction from the service provider 2 or the reception 
capability values of the mobile stations 50 which are present 
in the cell 1 . 

The presence storing unit 12 is configured to store 
presence information for each of the mobile stations 50 which 



are present in the cell 1 . 

Note that the categorizing unit 11 and the presence 
storing unit 12 may be provided in the radio station 20. 

As shown in FIG, 3, the radio station 20 is configured 
5 with a radio transmitting/receiving unit 31, a data receiving 
unit 32, a reception capability collecting unit 33, a 
hierarchical structure deciding unit 34. 

In FIG. 3, although the respective units 31 to 34 are 
provided in the base station 30, part of or all of the units 
10 31 to 34 may be provided in the radio network controller 25. 

The radio transmitting/receiving unit 31 is configured 
to transmit the multicast data using the hierarchical structure 
decided by the hierarchical structure deciding unit 34. 

In addition, the radio transmitting/receiving unit 31 
15 receives radio signals transmitted from the mobile stations 50 . 
Moreover, the radio transmitting/receiving unit 31 transmits 
the reception capability values of the mobile stations 50 in 
accordance with the instruction from the radio station 20. 

The data receiving unit 32 is configured to receive the 
20 multicast data transmitted from the radio network controller 
25. Additionally, the data receiving unit 32 constructs the 
multicast data to be transmitted using the hierarchical 
structure decided by the hierarchical structure deciding unit 
34. 

25 The reception capability collecting unit 33 is configured 

to collect the reception capability values (or categories) of 
the plurality of mobile stations 50 joining in a multicast group 
within the cell 1. 

The hierarchical structure deciding unit 34 is configured 
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to decide the hierarchical structures of the multicast data from 
a plurality of categories corresponding to the reception 
capability values of the plurality of mobile stations which are 
collected by the reception capability collecting unit 33 
5 For example, when mobile stations 50 of the "category 1" 

and the "category 2" are joining in a multicast group, the 
hierarchical structure deciding unit 34 decides that 
hierarchical structures of the multicast data should be defined 
as a transmission method corresponding to the reception 
10 capability values of the "category 1" and a transmission method 
corresponding to the reception capability values of the 
"category 2" . 

That is, in the above case, the hierarchical structure 
deciding unit 34 transmits the multicast data by transmission 
15 methods corresponding to the reception capability values of the 
"category 1" and the reception capability values of the 
"category 2" . 

Herein, the hierarchical structure is defined by at least 
one of a coding rate, a number of repeating bits, a number of 
20 thinned bits, an interleaving length, a number of multiplexed 
codes, a number of information blocks, a modulation method, a 
coding method, and transmission power. 

As shown in FIG. 4, the mobile station 50 is configured 
with a storing unit 51, a transmitting/receiving unit 52, and 
25 a selecting unit 53. 

The storing unit 51 is configured to store a category to 
which the reception capability value of the mobile station 
belongs (for example, any one of the "category 1" to the 
"category 3" ) . 



The transmitting/receiving unit 52 is configured to 
transmit radio signals to the base station 30 and to receive 
radio signals from the base station 30. 

In this embodiment, the transmitting/receiving unit 52 
5 includes a receiving unit configured to receive the multicast 
data transmitted using the hierarchical structure. 

Moreover, in this embodiment, the transmitting/receiving 
unit 52 includes a transmission requesting unit configured to 
transmit a transmission request for multicast data to the radio 
10 20. 

The selecting unit 53 is configured to select multicast 
data which the mobile station 50 is able to receive from among 
the multicast data received by the transmitting/receiving unit 
52 . 

15 For instance, the selecting unit 53 may select multicast 

data corresponding to the category stored in the storing unit 
51 from among the multicast data received by the 
transmitting/receiving unit 52. 

20 (Operation of the communication system according to the 

embodiment of the present invention) 

Description will be made of an operation of the 

communication system according to the present embodiment with 

reference to FIG. 5. FIG. 5 is a sequence diagram showing the 
25 operation of the communication system according to this 

embodiment . 

As illustrated in FIG. 5 , in step 601 , the service provider 
2 transmits multicast data to the switching apparatus 10. In 
step 602, the switching apparatus 10 transmits the received 
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multicast data to the radio station 20. 

In step 603, the reception capability collecting unit 33 
of the radio station 20 (base station 30) collects the reception 
capability values of the mobile stations 50 joining in a 
5 multicast group within the cell 1 . 

Herein, the reception capability collecting unit 33 of 
the radio station 20 periodically receives presence information 
for each of the mobile stations 50 joining in the multicast group, 
from the presence storing unit 12 of the switching apparatus 
10 10. 

In step 604, the hierarchical structure deciding unit 34 
decides the hierarchical structures of the multicast data in 
accordance with a combination of categories corresponding to 
the reception capability values of the mobile stations 50 
15 collected by the reception capability collecting unit 33 

Herein, the hierarchical structure deciding unit 34 
periodically receives information regarding the categories 
from the categorizing unit 11 of the switching apparatus 10. 

Thereafter, the data receiving unit 32 constructs the 
20 multicast data to be transmitted, in accordance with the decided 
hierarchical structures . 

In step 605, the radio transmitting/receiving unit 31 
transmits the above-described multicast data constructed in 
accordance with the hierarchical structures, to the mobile 
25 stations 50 joining in the multicast group within the cell 1. 

In step 606, the transmitting/receiving units 52 of the 
mobile stations 50 receive the hierarchical multicast data. 
After that, the selecting units 53 of the mobile stations 50 
selectively receive multicast data that the mobile station 50 
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can receive. 

(Operations and effects of the communication system according 
to the embodiment) 
5 According to the communication system of the present 

embodiment, the radio transmitting/receiving unit 31 transmits 
the multicast data using the hierarchical structures. The 
hierarchical structures are decided in accordance with a 
combination of categories corresponding to the collected 

10 reception capability values of the plurality of mobile stations 
50 (a receive buffer size, an interleaving length, a modulation 
method, etc.). Accordingly, the communication system of the 
present embodiment can perform multicast communication whereby 
the reception capabilities of the mobile stations are 

15 effectively utilized. 

Moreover, according to the communication system of the 
present embodiment, the categorizing unit 11 obtains 
information regarding the reception capability values of the 
mobile stations 50 which are present in the cell. Accordingly, 

20 the communication system of the present embodiment can 
associate the types of multicast data with the reception 
capability values of the mobile stations in accordance with the 
reception capability values of the mobile stations which are 
present in an area where the multicast data can be provided. 

25 

(Modified Example) 

The present invention is not limited to the foregoing 
embodiment. The present invention can also be applied to such 
a configuration as in the following modified example. 
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Hereinafter, a communication system according to the modified 
example will be described with reference to FIGS. 6 to 8. 

As shown in FIG. 6, The radio station 20 according to this 
modified example is configured with the radio 
5 transmitting/receiving unit 31, the data receiving unit 32 , the 
reception capability collecting unit 33, and a notice 
information judging unit 35. 

The radio transmitting/receiving unit 31 is configured 
to transmit radio signals to the mobile stations 50, and to 
10 receive radio signals from the mobile stations 50. 

Moreover, the radio transmitting/receiving unit 31 
includes a transmitting unit configured to transmit multicast 
data constructed by the data receiving unit 32 to the mobile 
stations 50 joining in a multicast group. 
15 In addition, the radio transmitting/receiving unit 31 

includes a notice information transmitting unit configured to 
transmit notice information containing information regarding 
the categories . 

More specifically, the radio transmitting/receiving unit 
20 31 transmits the notice information containing information 
regarding the categories in association with the respective 
multicast data and a list showing multicast data existing within 
the cell 1, to the mobile stations 50. 

Further, the radio transmitting/receiving unit 31 
25 according to this modified example can obtain a transmission 
request for multicast data from the mobile stations 50, and can 
transmit the multicast data to the mobile stations 50 in 
response to the obtained transmission request. 

The data receiving unit 32 is configured to receive the 



multicast data and the information regarding the categories 
which are transmitted from the switching apparatus 10 through 
the radio network controller 25. 

Meanwhile, the data receiving unit 32 serves as the 
5 hierarchical structure deciding unit configured to decide the 
hierarchical structures of the multicast data based on the 
combination of the categories managed by the categorizing unit 
11. 

Specifically, the data receiving unit 32 makes the 

10 received multicast data into hierarchical structures based on 
the information regarding the categories transmitted from the 
categorizing unit 11, so that the multicast data can be 
transmitted by the transmission methods corresponding to all 
of the categories . 

15 The reception capability collecting unit 33 is configured 

to collect the reception capability values (categories) of the 
plurality of mobile stations joining in the multicast group. 
The notice information judging unit 35 is configured to 
judge whether it is necessary to transmit the notice information. 

20 The judgment is conducted based on the reception capability 
values (categories) of the mobile stations collected by the 
reception capability collecting unit 33 or the presence 
information from which it can be recognized whether the mobile 
stations are present within the area where the multicast data 

25 can be provided. 

The notice information judging unit 35 then instructs the 
radio transmitting/receiving unit 31 to transmit the notice 
information . 

For example, the notice information judging unit 35 may 
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be configured so that the notice information is transmitted even 
when only one mobile station 50 capable of receiving the 
multicast data is present within the cell 1. 

Moreover, for instance, the notice information judging 
5 unit 35 can manage the notice information containing the list 
showing the multicast data existing in the cell 1 and the 
categories in association with the respective multicast data, 
based on the tables illustrated in FIGS. 2 and 7. 

In the example of FIG. 7, a list regarding six types of 
10 multicast data A to F existing within the cell 1 is managed. 
In this table, it is defined that a reception capability of 
"category 1" is required to receive multicast data A or D, a 
reception capability of "category 2" is required to receive 
multicast data B, C, or E, and a reception capability of 
15 "category 3" is required to receive multicast data F. 

An operation of the communication system according to 
this modified example will be described with reference to FIG. 
8. FIG. 8 is a sequence diagram showing the operation of the 
communication system of this modified example. 
20 As shown in FIG. 8, is step 801, the service provider 2 

transmits multicast data to the switching apparatus 10. 

In step 802, the switching apparatus 10 transmits the 
received multicast data to the radio station 20. 

In step 803, when the radio transmitting/receiving unit 
25 31 of the radio station 20 receives from the notice information 
judging unit 35 an instruction to transmit the notice 
information, the radio transmitting/receiving unit 31 
transmits the notice information containing information 
regarding categories to the mobile stations 50. 



In step 804, the transmitting/receiving units 52 of the 
mobile stations 50 transmit transmission requests of the 
multicast data to the radio station 20. 

In step 805, the radio transmitting /receiving unit 31 
5 of the radio station 20 transmits multicast data constructed 
by the data receiving unit 32 based on the transmission requests 
transmitted from the mobile stations 50, to the mobile stations 
50 that belong to the multicast group in the cell 1, using the 
hierarchical structures. 

10 Here, the data receiving unit 32 constructs the multicast 

data so that the multicast data is transmitted using the 
hierarchical structures of all categories managed by the 
categorizing unit 11, that is, in transmission methods 
corresponding to all of the categories. 

15 In step 806, the selecting unit 53 of each of the mobile 

stations 50 selects multicast data corresponding to the 
category stored in the storing unit 51, from among the received 
multicast data. 

Here, the storing units 51 of the mobile stations 50 are 

20 updated according to the notice information received from the 
radio station 20. 

According to the communication system of this modified 
example, the radio transmitting/receiving unit 31 transmits the 
multicast data using the hierarchical structures decided based 

25 on the categories managed by the categorizing unit 11. 
Therefore, multicast communication which effectively utilizes 
the reception capabilities of the mobile stations can be 
performed. 

Additionally, according to the communication system of 
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this modified example, the radio transmitting/receiving unit 
31 transmits the multicast data to the mobile stations 50 when 
the radio transmitting/receiving unit 31 obtains transmission 
requests from the mobile stations 50. Moreover, the radio 
5 transmitting/receiving unit 31 transmits notice information in 
accordance with the presence statuses of the mobile stations 
50. Accordingly, unnecessary traffic can be suppressed, and 
a processing load in the radio station 20 and the like can be 
reduced. 

10 Note that, instead of the mode of transmitting the 

multicast data from the radio transmitting/receiving unit 31 
in response to the transmission requests from the mobile 
stations 50, there can be a mode of periodically transmitting 
the multicast data regularly from the radio 

15 transmitting/receiving unit 31. 

In this case, it is not necessary to obtain the 
transmission requests from the mobile stations 50. Therefore, 
the configurations of the radio station 20 and the mobile 
stations 50 can be made simpler, and the occurrence of 

20 unnecessary traffic from the mobile stations 50 to the radio 
station 20 can be prevented. 

Furthermore, according to the communication system of 
this modified example, the radio transmitting/receiving unit 
31 transmits notice information containing category 

25 information. Accordingly, such inconveniences as mobile 
stations 50 which do not possess the minimum level of reception 
capabilities required for the reception of the multicast data, 
transmitting the transmission requests for multicast data can 
be avoided. 
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As described above, according to the present invention, 
a communication system, a communication method and a mobile 
station, which are capable of preventing a control load while 
effectively utilizing the reception capabilities of the mobile 
stations, can be provided. 

Additional advantages and modifications will readily 
occur to those skilled in the art. Therefore, the invention 
in its broader aspects is not limited to the specific details 
and the representative embodiment shown and described herein. 
Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive 
concept as defined by the appended claims and their equivalents . 



